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NASA i s  proceeding with t h e  second phase of t h e  
a u x i l i a r y  power u n i t  (APU) technology program which i s  t o  
suppor t  t h e  Space S h u t t l e .  A bas i c  hydrogen-oxygen bread- 
board system has been selected f o r  experimental  demonstra- 
t i o n s ,  and i t s  s i z e  i s  t o  be compatible wi th  t h e  f u l l y  
recoverable  2-stage Space Shu t t l e .  NASA i s  a l so  cons ider ing  
p a r t i a l l y  recoverable  o r b i t e r s  i n  which hydrogen or  both  
hydrogen and oxygen are carried i n  drop tanks .  
r a t i o n s  have smaller APU requirements,  and they  could r e q u i r e  
a change i n  t h e  p r e s e n t  APU technology program. During 
d i scuss ions  of t h i s  t o p i c  a t  Grumman, it w a s  s t a t e d  t h a t  t h e  
p o t e n t i a l  maximum reduc t ion  of APU requirements  f o r  drop tank  
~rbiters is  apprcximately 30 percent. Considering t h e  l i m i t e d  
knowledge of t h e  a c t u a l  APU requirements,  t h e  p r e s e n t  programs 
should cont inue  as planned. 

These configu- 
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Previous memoranda' descr ibed  t h e  a u x i l i a r y  power - 
u n i t  (APU)'  system s t u d i e s  which were performed as a p a r t  of 
t h e  Space S h u t t l e  Technology Program. It  was r epor t ed  t h a t  
t h e  L e w i s  Research Center  (LeRC) sponsored both AiResearch and 
Rocketdyne t o  screen  candida te  APU systems and execute  a pre- 
l iminary  des ign  of  a s e l e c t e d  APU which would be s u i t a b l e  f o r  
both t h e  boos te r  and o r b i t e r  of a f u l l y  r eusab le  Space S h u t t l e .  
Based on a duty c y c l e  provided by NASA, both  c o n t r a c t o r s  
designed hydrogen-oxygen APU capable  o f  ope ra t ing  between 400  
and 33 s h a f t  horsepower us ing  gaseous p r o p e l l a n t s  from t h e  
a t t i t u d e  c o n t r o i  propuls ion  system accumulators. 

NASA s e l e c t e d  t h e  AiResearch concept a s  the b a s e l i n e  
f o r  cont inuing  technology s t u d i e s  and breadboard demonstrat ions.  
Technology r ead iness  is  planned f o r  June 1973. 

Recently a number of  promising a l t e r n a t i v e s  t o  t h e  
f u l l y  recoverable  Space S h u t t l e  have evolved. A l l  a r e  t w o -  
s t a g e  conf igu ra t ions  i n  which e i t h e r  t h e  o r b i t e r  hydrogen a lone  
o r  bo th  p r o p e l l a n t s  are s t o r e d  e x t e r n a l l y  t o  the recoverable  
o r b i t e r  core .  The e x t e r n a l  tanks are sepa ra t ed  o r  dropped 
a f t e r  t h e  o r b i t e r  reaches o rb i t .  These drop tank o r b i t e r  
conf igu ra t ions  may be launched by e x i s t i n g  expendable boos t e r s  
du r ing  e a r l y  ope ra t ion  i n  a phased Space S h u t t l e  development program. 

'Rocketdyne and AiResearch Space S h u t t l e  APU S tud ie s  - 
F i n a l  Review, C.  Bendersky, Case 237, €371 0 8 0 2 9 ,  August 1 9 ,  1 9 7 1 .  

2AiResearch Space S h u t t l e  APU S y s t e m  Study Review, 
C. Bendersky, Case 237, B70-10064,  October 28, 1 9 7 0 .  

3The APU has been renamed t h e  f l i g h t  c o n t r o l  power u n i t  
(FCPU) . 
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Compared t o  f u l l y  r eusab le  o r b i t e r s ,  drop tank  v e r s i o n s  have 
smaller r e t u r n , o r  r eusab le  veh ic l e s  and provide a h igher  
p o r t i o n  of  t h e  o v e r a l l  boost  v e l o c i t y  t o  o r b i t .  The lower 
s t a g i n g  v e l o c i t y  allows t h e  r eusab le  boos t e r  t o  be s m a l l e r  
and t o  be designed f o r  much lower thermally induced loads .  
I t  fol lows t h a t  t h e  drop tank  o r b i t e r  conf igu ra t ions  r e q u i r e  
less APU power f o r  both recoverable  s t a g e s  than a f u l l y  
r e u s a b l e  system. 
t h e  p o s s i b l e  d i f f e r e n c e  i n  APU requirements be fo re  going 
ahead wi th  t h e  APU breadboard program. Grumman, t h e  company 
t h a t  has  thus  f a r  looked deepes t  i n t o  t h e  drop tank configu- 
r a t i o n s ,  w a s  v i s i t e d  on J u l y  15 t o  d i s c u s s  APU s i z i n g  and 

be brought about by t h e  drop  tank concept.  The fo l lowing  
p a r t i c i p a t e d  i n  t h e  d i scuss ions .  

Thus it w a s  judged d e s i r a b l e  t o  q u a n t i f y  

, 
I?eccI.I yucsaLble changes i n  t h e  AFU Tezhfiologi; prograiii that riilght 

NASA Grumman 

B. Leefer/RP 
J . Malamen t /MTG 
H. Cameron/LeRC 

B e l l c o m m  

C. Bendersky 

EISCGSSION 

J. 
J. 
D. 
G. 
L. 
H. 
L. 

Grumman provided some rouah 

Caracini/APU 
Goodwin/Config. & Aero 
Murphy/Fli g h t  T e s  t 
Mekos/Flight T e s t  
Galfano/Fl ight  T e s t  
Kaplan/Technology 
Rothenberg/ACPS 

estimates of  APU r e s u i r e -  
ments f o r  a f u l l y  kecoverable ,  hydrogen drop tank o r b i t e r ;  and 
a hydrogen-oxygen drop tank o r b i t e r .  
hydrogen drop tank o r b i t e r  would r e q u i r e  15% less power and 
t h e  hydrogen and oxygen drop tank o r b i t e r ,  3 0 %  less power than 
t h e  f u l l y  recoverable  system. 
t h e  a c t u a l  requirements of t h e  y e t  t o  be designed r e a l  configu- 
r a t i o n  i s  poor, Grumman s t a t e d  t h a t  t he  va lue  of t h e  p r e s e n t  
APU technology program would not be a f f e c t e d  by t h e  f i n a l  
cho ice  of o r b i t e r  conf igura t ion .  

They e s t ima ted  t h a t  t h e  

S ince  t h e  p r e c i s i o n  i n  p r e d i c t i n g  

The Grumman development philosophy f o r  drop tank 
o r b i t e r  development is  as follows. 
t e s t i n g  is  d e s i r a b l e .  During t h i s  phase, t h e  a i r b r e a t h i n g  
engines  w i l l  provide c o n t r o l  su r f ace  power. 
f l i g h t  rest phases a f u l l y  q u a l i f i e d  APU system i s  d e s i r e d .  
The June 1 9 7 3  technology readiness  d a t e  should s a t i s f y  t h e  
program needs. 

Subsonic, h o r i z o n t a l  f l i g h t  

During a l l  o t h e r  
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Grumman w a s  s l i g h t l y  concerned w i t h  t h e  p r e s e n t  
b a s e l i n e  APU p r o p e l l a n t  a c q u i s i t i o n  philosophy. 
t h e  APU p r o p e l l a n t s  are s t o r e d  i n  common tankage w i t h  the  
ACPS and on -o rb i t  maneuvering system (OMS). The APU propel-  
l a n t s  a r e  roughly 2-1/2% of t h e  t o t a l  and a r e  p r i m a r i l y  
r equ i r ed  f o r  f l i g h t  c o n t r o l  a f t e r  t h e  ACPS and OMS func t ions  a r e  
completed and when t h e  tanks a r e  n e a r l y  empty. I n  a d d i t i o n ,  
t h e  r equ i r ed  APU p r o p e l l a n t s  a r e  r e l a t i v e l y  c o n s t a n t  from 
mission-to-mission whereas t h e  OMS loaded p r o p e l l a n t  may vary.  
I t  is p o s s i b l e  t h a t  t h e  p r o p e l l a n t  reserves necessary t o  
guarantee  s u f f i c i e n t  APU supply i n  a l l  mission modes may be 
s u f f i c i e n t l y  l a r g e  t o  warran t  cons ide ra t ion  of s e p a r a t e  APU, 
o r  poss ib ly  APU and ACPS, tankage. T h i s  s u b j e c t  w i l l  be 
s t u d i e d  f u r t h e r  by Grumman. 

A t  p r e s e n t  

I n  conclusion,  i t  i s  n o t  apparent  t h a t  select ion of 
a drop tank o r b i t e r  w i l l  change t h e  va lue  of t h e  p r e s e n t l y  
planned APU technology program, so it should proceed as planned. 

A 
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